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ABSTRACT
Mercury in the environment that arises from organic and inorganic sources can cause irreversible
damage to the nervous system. Toxicity may be direct or may arise from interactions with other
metals in the environment. We evaluated the possible effects of mercury vapor on rat cerebellum.
Twelve adult female rats were divided into control and experimental groups. The rats in the
experimental group were exposed to mercury vapor for 9 h/day for 45 days. Cerebellar tissue
samples were evaluated using stereology and for histopathology. The total number of Purkinje
cells was estimated using a physical disector method. We found that in the experimental group,
overall volume decreased and the number of Purkinje cells was reduced. We also found cellular
damage including pycnotic nuclei, eosinophilic cytoplasm and vacuolization; these features were
absent in the control group. We found that chronic exposure to inorganic mercury vapor is toxic
to the cerebellum.
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Mercury is a heavy metal that can contaminate the
environment; it is toxic to all living organisms.
Mercury is found in various chemical forms; elemental
mercury and methyl mercury compounds are of parti-
cular concern (Clarkson 1997). People are exposed to
mercury by environmental poisoning, occupational
practices and dental amalgam.
Mercury can damage both the immune and nervous
systems (Goering et al. 2002; Geier et al. 2008).
Neurological damage is particularly problematic and
results in developmental defects, peripheral neuropa-
thies and increased neurodegenerative changes
(Monroe and Halvorsen 2009). Even low doses of mer-
cury can be neurotoxic to fetuses (Marsh and Turner
1995), children (Grandjean and Weihe 1998) and adults
(Yokoo et al. 2003).
The central nervous system is highly sensitive to reactive
oxygen species (ROS) owing to its large concentration of
unsaturated lipids and high oxidative metabolism.
Relatively little is known, however, about the relation of
inhaled mercury vapor to cell injury caused by oxidative
stress. The central nervous system is considered particu-
larly susceptible to mercury vapor toxicity (WHO (World
Health Organization) 1991). Consequently, we investigated
the effects of mercury inhalation on the volume and histo-
logical structure of the cerebellum, particularly the number
of Purkinje cells, in the adult female rat.
Material and methods
Animals and procedures
Our study was approved by the Experimental Research
and Application Center of Atatürk University. We used
12 adult 150–200 g 8–10-week-old female Wistar albino
rats. Rats were obtained from the Experimental
Animals Research and Application Center of Atatürk
University (Erzurum, Turkey). Rats were randomly
divided into experimental and control groups, each
consisting of six animals.
During the experiment, the rats were kept under
standardized conditions: a 12 h light:12 h dark cycle
at 22 ± 2 °C at 50 ± 5% humidity. Animals were
allowed access to food and water ad libitum. The
experimental group was housed in a closed chamber
and exposed to inorganic mercury by inhalation
(Altunkaynak et al. 2016) at a dose of 1 mg/m3 for
9 h/day; exposure was from 08:00 to 17:00 h each day
for 45 days. The mercury concentration of the cham-
ber was measured every hour using a Jerome Model
431-X mercury analyzer (Arizona Instruments,
Phoenix AR). After 17:00 h, the mercury vapor unit
attached to the chamber was turned off and the
animals remained in the closed chamber without
exposure to mercury vapor during the night
(Altunkaynak et al. 2016, Yahyazedeh et al. 2017).
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The control group rats were housed under identical
conditions in a closed chamber, but without exposure
to mercury vapor.
After six weeks, all rats were anesthetized by inhala-
tion of 2–3% (v/v) sevoflurane (Sevorane® liquid
250 ml, Abbott, Istanbul, Turkey) in 100% oxygen.
The rats were perfused intracardially with fixative as
follows: 0.9% physiologic saline followed by 4% (w/v)
paraformaldehyde in phosphate-buffered saline (PBS).
Finally, the cerebella were removed.
Histology
The tissue samples were processed immediately after
removal (Harorli et al. 2009). Cerebella were dehydrated
through graded alcohols, cleared in xylene, then embedded
in paraffin. Transverse serial sections were cut at 5 μm
using a rotary microtome. The first section in the series
to be analysed was selected at random from the first five
sections and every successive fifth section was collected
from the series to give a one fifth section sampling fraction.
In this way, approximately 15–20 sections were obtained
from each cerebellum. Slides were stained with hematox-
ylin and eosin (H&E) (Dursun et al. 2010) Stained sections
were used for light microscopy and stereological analysis.
Stereology
Mean cerebellar volume
Estimation of cerebellar volume enables both assessment of
numerical density of Purkinje cells and stereological com-
putation of the total volume of the cerebellum. To do this,
the unbiased Cavalieri method was applied to the light
microscopic images (Akgül et al. 2016) and the point-
counting method (Sengul et al. 2017). A point counting
test grid was used to estimate the areas of the sections of
cerebellum (Figure 1a, b). To ensure a significant coeffi-
cient of error (CE), an appropriate point density of the
point counting grid was designed for interesting regions of
sections (Zengin et al. 2013, Turkmen et al. 2016). Total
volume of the cerebellum (
P
V) was estimated using the
following formula (Güven et al. 2013, Çakır-Özkan et al.
2017):
X
VðtotalÞ ¼ tx
X
A
where t is the thickness sum of slices (including inter-
vals) and
P
A is the total sectional area obtained from
the cerebellar samples. In other words,
P
A is
defined by:
X
A ¼ aðpÞ 
X
P
where aðpÞ is the interval point area and PP is the
number of points hitting on areas of interest in the
sectıons.
Mean numerical density and total number of
purkinje cells
A physical disector method was used to compute mean
numerical density and total number of Purkinje cells
(Ulubay et al. 2015). Based on a pilot study, sections were
obtained by systematic unbiased sampling. Section paırs 5
μm thick and at 10 μm intervals were selected randomly to
provide 15–20 section pairs. This number is in the accep-
table range for stereological analysis (Altunkaynak et al.
2011, Ayrancı et al. 2013). After taking photographs at x
400, an unbiased 20 × 20 cm counting frame (Alkan et al.
2017) was superimposed on the reference image and look-
up sections. Purkinje cells were counted according to the
principle of the physical dissector. Particle profiles
observed in the reference section, but not in the look-up
section, are considered dissector particles (Altunkaynak
et al. 2012, Yilmaz et al. 2017) (Figure 1c, d). The mean
numerical density of the Purkinje cells (Nv(Purkinje cell))/
mm3) was calculated as:
NV ¼
P
QP
VDisector
where
P
Q is the total number of Purkinje cells
counted and
P
V ¼ ðt  AÞ is the total volume of the
reference used for counting; t is the mean section
thickness (5 µm), and A is the area of the unbiased
counting frame.
Finally, the total number of Purkinje cells (TN) was
estimated as follows:
TNðtotal Purkinje cellsÞ ¼ Nv 
X
V
where TN is total number of Purkinje cells, Nv is
numerical density of Purkinje cells and
P
V is total
volume of cerebellum as described above.
Statistical analysis
Statistical evaluation was performed using IBM SPSS
Statistics 15.0 software for Windows. The Mann
Whitney-U test was used for comparisons of stereological
data. Values for p ≤ 0.05 were considered significant.
Results
Histology
Images of the cerebella of the control and mercury vapor
exposed groups are shown in Figure 2. The morphology of
the cerebellum and Purkinje cells was normal in the control
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group (Figure 2a–c). Mercury vapor exposure caused
damage to the cerebellum including gliosis, and peri-neu-
ronal and perivascular vacuolization in the experimental
group. The Purkinje cells in the experimental group also
exhibited irregular cellular boundaries, eosinophilic cyto-
plasm and heterochromatic nuclei. Purkinje cells were seen
rarely in the sections of the experimental group exposed to
mercury vapor (Figure 2d–f).
Stereology
Mean cerebellar volume
A statistically significant reduction in volume was
found in the mean volumes of the cerebella of the
experimental group exposed to mercury compared to
controls.
Mean numerical density and total number of
purkinje cells
The physical dissector method demonstrated that cere-
bella of the experimental group contained significantly
fewer Purkinje cells than the control group.
Stereological data are summarized in Table 1.
Discussion
Several neurotoxic and nephrotoxic metals, including mer-
cury, cause ROS and oxidative stress, which in turn cause in
cell injury (Stohs and Bagchi 1995). Chen et al. (2005)
reported that mercury can cause an increase in the concen-
tration of free radicals with resulting DNA damage. The
concentration of mercury was reported to be elevated in
kidney and brain following long termmercury vapor expo-
sure (Goering et al. 2002). Exposure to Hg has been shown
Figure 1. a, b) Estimation of cerebellar volume using the Cavalieri method. c, d) Procedures for applying the physical disector
counting method. Note that (c) and (d) were the reference and look-up sections, respectively. (+) Counted as a dissector particle
owing to lack of corresponding particle in look-up section while located within the frame of the reference section. (x) is a disector
particle and is not counted, because it touched the exclusion line.
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to produce metallothionein in brains of experimental ani-
mals (Yasutake et al. 1998).
We report here the effects of mercury vapor on
female rat cerebellum. We detected loss of Purkinje
cells and an increased number of Purkinje cells with
shrunken cell bodies and pycnotic nuclei in rats
exposed to mercury vapor for 6 weeks compared to
control animals. Although the report by Fukuda
(1971) was comparable to our investigation, these
investigators did not demonstrate morphological
Figure 2. Example light microscopic images of cerebellum sections of control and mercury exposed experimental groups stained
with H & E. a−c) Control group at 10, 40 and 100, respectively. d−f) Experimental group at 10, 40 and 100 x, respectively. Arrows:
degenerated Purkinje cells with eosinophilic cytoplasm, dark stained nuclei and irregular cell boundaries.
Table 1. Mean volume of cerebellum and mean numerical
density, total number and mean nuclear height of Purkinje
cells in control and mercury exposed groups.
Estimations Control Exposed to mercury CE CV
Mean volume of
cerebellum (cm3)
2.3 2.1 0.035 0.054
Mean numerical
density of Purkinje
cells (cell/mm3)
153,000 147,600 0.006 0.08
Total number of
Purkinje cells
352,000 310,000 0.003 0.04
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alteration in rabbit brain. Furthermore, no perceptible
pathological changes were observed in squirrel monkey
brain exposed to a single dose of 8 mg mercury (Berlin
et al. 1975).
Although the literature contains many reports con-
cerning the effects of organic mercury, there are few
reports concerning the effects of inhaled Hg vapor. We
found no reports of stereological and histological exam-
ination of the cerebellum following mercury inhalation
(Fukuda 1971, Berlin et al. 1975). We conclude that
mercury vapor causes loss of the Purkinje cells and that
the vapor has deleterious effects on the cerebellum
structure.
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